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TetraliydroqotnoUiie derivatives 



The inveotiQa xelates to a compound having FSH xcoqitor modiilauiEy activiqr» in 
partiGular at^rahydrogmnoluote dedvatrve^ to aphannaceutical coinposidoD coataaniqg 
Ihe same^ as well as the use of said ccmipound in medical tlierq>y« 

Gonadotropiiis serve iuipujtau t fimedons in a variety of bodily functions t«di>^^g 
metabolism, temperature legulodon and die rqprodudive process. Gonadoiropins act on 
specific eoEOadal cell types to initiate ovarian and testicular difieienliation and 
steroidogeiiesis. The hypo|fliyseal gonadotn}^ FSH (foDicle atimuladiig honncme) fbr 
example plays a fnvotal role ia the stimoladon of &llxcle development and maturation 
whereas LH (lutemiring homipiie) induces ovulation (Sharp, ILM Clin Endocrinol. 
33:787-807, 1990; Doxrington and Armstrong, Recent Prog. Hoizcl Res. 35:301- 
342,1979). Currently, FSH iis applied clinically, in cpiubination with LH or hCG. fbr 
ovarian stunulafion i,c. ovarian hyperstimoiation fbr in vilio fertilisation (TVF) and 
induction of ovulation in infertile anovulatory women (Insler, V,. Int jl Fertility 33:85- 
97, 1988, Navot and Rosenwaks* J. Vitio FerL Embryo Transfer 5:3-13, 1988), as well 
as fiirmale hypogouadimn and mate infexdfity. 

The gonadotropin FSH is released &om the anterior pituitary under the influcxice of 
gonadotro^-r^leasing hormone and oestrogens, and fiom the placenta during 
pregnani^. In the female, FSH acts on the ovaries promoting devclopinent of &llicles 
and is the m^OT hormone r^ating secretion of oestrogens. Ih die male, FSH is 
req)onsible for the int^rity of the seminiferous tubules and acts on Sertoli obUs to 
si^port gametogenesis. Purified FSH is used clirncally to treat infertili^ in females and 
for some types of fiulure of spermatogenesis m males. Gonadotropins destined for 
ther^utic purposes can be isolated fiom human urine sources and are of low purity 
^orse et al, Axner. J. Reproduct Immunol, and Nficxobiology 17:143, 1988). 
Alternatively, fhey can be prepared as reoombtnant gonaA>trt>pins. Recombinant 
human FSH is available commCTCxally and is being used in assisted reproduction 
(OlyvectaLMoL Hum. Reprod, 2:371, 1996; Devroeyetal. Lancet 339:1 170. 1992). 
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IS 



20 



The zciiom of Ifae FSH homione m mediated by a ^cifio pliCTia menibiaae reeeptnr 
thai is a member of the large &mil/ of G-piotein coupled zcceptors. These lecqrtois 
consist of a single polypeptide Mith seven txansmembtane domains and are able to 
interact v/ifh the Gs protein, leading e.g. to the activation of adenylate cyclase. 

The FSH leceptor is a highly specific taigct in Ae ovarian ibilicle growth process and 
15 exdnsively expressed in Uie ovary. Blocking this receptor or inhibiting die signaling 
which is normally indeed after FSH-mediated receptor activation will disturb follicle 
development and tims ovulation and fertility. Low molecular weight FSH antagonists 
could therrfore form die basis for new conlzaoeptives. Such FSH antagonists could 
give nse to dimini.ihed follicle develqpmeiit (no ovulation} wxdi still snjSEUaenf estrogen 
{ffoducdon left to avoid adverse efifeos on eg. bone mass. On the other hand, 
conq[M>unds that stimulate FSH recqptw activi^ may serve to mimic the gonadotropic 
effect of the natural Ijgand, 



The present invention describes the preparation of low molecular wdg^ hormone 
arudogs that sdectively have modulatoiy activity on the FSH recqitor. The compounds 
of the invention can either be used as (partial) agonists or (partial) antagonists of the 
FSH-teceptor. 



Thus, it has now been found, diat die following class of tetrahydroquinoline 
ccnnpounds of formula I or pbaimaceutically acceptable salts tfiereo£ have FSH- 
modulatory activity: 



I 




Fommlal 

wherein 

R^andR^atcH,Me; 

is (2-«Qhderw^cIoaIkyl(l^)aBcyl, (2-SC)heteroaryl(l-4C)aI^l, (6C)aryI(l- 
4Qalkyl, . (l-4Q(di)angflammorailK>xQ^^ (2- 

6C)heterocydoalfcylcarbonylamin(K2'4QaIkyU R^-(2-4C)alkyl. or R'-caifaQnyl(l- 
4C)aIkyl; 

R^ is (2-SC)hetefoaxyI, QSQai^ (3-8C)cycloalkyl» C2-6C}hetenH9dc»akyl (1* 
«C)aIkyI 

R* is (dO(l-4Qalkylammo, (WQaBcoxy, amino, hydroxy, (6C)aiylanimo, (dIK3- 
4C)alkenylannno, (2-5C)heteroaiyI(l-4C)aIk3iaiaino, (6C)aiyl(l-4Qalky]ainmo, 
(dO[(l-4QaIkoxy(2-4QaIkyI]aniino, (<fi)[(l-4C)alkylamiiio(2-4C)a]Ie^s^ 
(d9[aimnoCZ-4C)a]kyqa]iiino or (dO|l)ydro}^-4C)aIkylJaimno. 

Hie compouads according to lb& present invendon modulate tlie FSH receptor fimeticm 
and can be used ftr Ibe same dinical pmposes as native FSH if ib&y bdiave fiko 
agonists, witii die advantage that they display altered stability propeities and may be 
administered difTerently. If they block the FSH recqptor diey can be used e.g. as a 
contraceptive agent 

Thus, tlie FSH-recqjtor modnlators of flie present invention may be used for tz^ating 
infertility y for contraception and fiir treatment of honnone<^ependent disorders such as 
breast cancer, prostate cancer, and endometrioss. 
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Tbe foUovdng terms aie intended to have the indicated meanings denoted below as 
used in the specification and claiiDS. 

The tenn (l-4C)aIkyl as used herein means a branched or Tmbianched aUcyl ffQup 
having M carbon atttms» bdng inc%I, ethyi. propyl, isopiopyl, butyl^ sec-butyl and 
tert«ba]yl. 

The tenn (2-4C)alky] as used hoein means a branched or unbranched alkyl group 
having 2-4 carbon atoms, being eti^rl, pioiiyl, isoprop^, butyl, sec-butyl and tert-botyL 

The tenn (l-6C}Blksd as used herem means a brandied or unbranched all^l group 
having 1-6 carbon atoms, for example methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, 
tert-butyl and hexyl. (l-SQAlkyl groi^ps are preferred, (MQallcyl beu^g 'the most 
preferred. 

The term (di}(l-4C)alky]amino as used herem means an amino group, moiu»substituted 
or disubstituted vdlh alkyl groups^ eadi of iwhich contains lA carbon atoms and has the 
same meaning as previously defined 

The term (di)(I-4C)aIkenylamino as used herein means an ammo groups 
monosubsiituted or disubstituted vnih alkeoyl groups, each of which contains 2-4 
cBibon atoms such as a%l and 2-butenyl, and has fte same meaning as previously 
defined. 

The term (3-8C)cyclgalkyI as used herein means a cydoalkyl group lla^*ing 3-8 carbon 
atoms, being cyclopropyl, cyclobutyl, cyclopentyl, cydohexyU cycloheptyl and 
cyclooctyL (3-6C)cyGloalkyl groups are preiened» 

The term (2-6C)heterocycloa|]^l as used herein means a heterocycloalkyl group having 
2-6 carbon atoms, preferably 3-5 carbon atoms, and at least including one heteroalom 
selected fiom N» O and/or S, ixdiicih may be ^HaA^ via a heftefoatnm if fisasible, or a 
carbon atom. Ftefened heteroatoms are N or O. The hetrocycloaHc;^ group may be 
substituted wjfli a metfajl or e%I groiq) at a carbon atom, or a hetmatom if feasible. 
Most prefisned hetemydbalksd groups are p^ridinyl, piperaanyl, moipholinyl. 
pynoUdinyl and l-nieti^l-'2-pqieridhqrL 



The teim (I-4C}aIko^ as used herein means an alkoxy groiq> having 1-4 carbon 
atoms, ihe olkyl moie^ having the same meamng as previously defined. (l*2C)AJko3^ 

g)n>ups are preferred. . 

) 

The term (6C)aiyI as used hexein means a pihesiyl gfovp^ ^Aich may optionally be 
siibstitufied wiHb aDe*or moie sabstitaeiits selected fiom hydros^, ammo^ iodo, biomo, 
chloro» fluoio* mtrcn txifluoiomethyl, eyano, phenyl, (l-4C)alkyl, (l-4C}a]ko3gr or (1- 
4CXiQalkylamxno. die allyl, alkoxy and (di)aOcylannDo moieties having the same 
meamn^ as pievkmsly defined, tar eocan^le phenyl, 3.S-dibromopheiiyl. 4-bipfaeir^ 
3,5*diGhlQropheny]9 S-tmrno-fi-medorlaauno-idiaQyl, 3-«hloio-2,£-dimetii0x:yphenyl 
and 3,5-£nKthy^hei]yL 

Hie torn (2-5 Qheteroaxyl as used hetem means a substituted or unsitbstitutBd aromatic 
groiqp laving 2-5 caibon atoms, at least indudix^ one heteioatom selected fiom N, O 
and/or S» like imidazblyl, pyridyl, pyrimidyl, thi^l or fmyL The siibstituents on the 
hcteroatyl groiq> may be selected from fte group of substituents listed for fte (SQaiyl 
groiqi* The heteroaryl group may be attached via a carbon atom or a heteroatomy if 
feasible. Prefenedbeteroaxylgmi^ axe dueny), fiuyl and pyridyL 

The tenn (2-6Qheterocycloal]cyl(l-4C)alkyl as used b^ein meoos a heterooycloalkyl 
grouphaving 2-6 carbon atoms, connected to an alky] gjrovp having 1-4 carbon atoms, 
the heterocycloalkyi group and the aUkyl group having the same meaning as jneviously 
defined. 

The tenn (2-6C)heterocycloalkylcaxbon^an]ino as used herein means a 
heterocycloalkyi group having 2-6 carbon atoms, connected to the carbonyl moiety of a 
carbonylamino groi^, the heterocycloalkyi group having the same meanix^ as 
previously defined, 

Ibc texm C2~6C)heterocycloaIl^lcarbony)amino(2-4C)B]kyl as used herein means a 
heterocycloallQrlcarbonylamino group of which tiie heterocycloalkyi moiety contains 2- 
6 caxbon atoms, connected via the amino groixp to an alltyl grotq> having 2-4 caxbon 
atimi^ the heterocycIoBlkylcarfoonylanuno gxoup and the alkyl group having the same 
meamng as preWously defined. 

The teim (di)(l-4C)dDQr]aininocarbox]yl as xised herein means a (di}a]kylaiiiino gxoup, 
the alky] group(5) of whtcb having 1-4 caxbon atoms^ coxmccted ^a the amino groiqi to 
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a cazbonyl group, the (di)alkylamino gjtaap having the same meaning as previously 
defined. 

The teoQ (3»8C)cyclQalkyIaniinocaxboiiyI as used beiexo means a cydoalkyl ffoxnp 
ha\dng 3-S caAon atoms; connected to the amino moiety of an aminocarboiiyl 0cob^ 
5 ^le cycloalkyl group hsvinglfae same meaning as previously defined 

The term (di)(l-4C)aII^Iaminocaibonylammo as used herein means a (di)alkylamino 
group, die alkyl gToup(s) of which having 1*4 carbon atoms, connected via the amino 
group to the carbonyl moiety of a carbonylamino group, thus providing a urea 
fimctionality, the (di)aIkyIamino group having the same meaning as previously defined 

10 The tenn (di)(l-4C)alI^laminocarbonylamino(2-4C)aIlod as used herein means a 
(di)a]kylaminoGarbonyIamino ffoisp^ the alkyl groi^(s) of which having 1-4 carbon 
atomSk connected via. die amino group to an alkyl grovq^ having 2-4 carbon atoms, the 
(dQalkylanmocarbonylamino group and the alkyl group having the same meaning as 
previously dejBned 

IS The tenn (2-SC)heteroafyl(l-4C)alkyl as used h&teSn means a heteroaxyl groiq) having 
2-5 carbon atoms connected to an aUcyl group having 1-4 carbon atoms, the heteroaryl 
group and die ^Hkyl group having the same meaning as i»reviously defined. 

The teem (6C)aryl(l-4C)BlIcyl as used herein means phenyl group, optionally 
substituted widi one or most siibsthnents sdected fiom the groiqp of substimenis listed 
20 for the (6Qarylgroiq>, connected to an a]kylgn)up having 1^ carbon ato^ 
group and the alkyl group having the same m eaning as preiaously defined 

The term (6Qaiylammo as used herein means phenyl group, optionally' substituted 
widi (me or more snibstituents selected fiom the group of substituents listed for die 
(6C)aryl groups counected to an amino groiqy, the aryl groiq> having the same meaning 
25 as previoudy defined 

The term (6C)aryl(l-4C)alkylamino as used herein means phei^l group, optionally 
substituted whh one or more substieueats selected fiom the ffoop of substitaems listed 
for the (6C)aryi groi^ connected to the alkyl moiety of an alkylamino ffoup having 1- 
4 carbon atoms, the axyl gjcoiqp and the aD^lamino groiq> having the same meaning as 
30 previously defined. 
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Hie tenn (2*SC)hetero8TyI(l-4QalIcylaim&o as used herein means a hctaocoyl group 
having 2-5 caxbon atoms, qptiouaUy substituted vn&t one or moxe subsfituents sdected 
from the group of suhstitueuls fisted for the (6C)aryl group, connected to the aOcyl 
moii^ of an aUcylamino group ha:vii% 1*4 carbon atoms* the hcteniaiyl group and Ibe 
alkylamnio group having the same meaning as previonai^ defined. 

The t«n (l-4C)aIkDxy(;2-4C)aIkyl as used herrin means an alkos^ gnnip having M 
carbon atoms, ccmnectBd to an alkyl gnnqp ha'raig 2-4 carbon atomsi. the alkosqr group 
and aPcyl group hawdng the same meaning as previcwid(y defined 

The tenn (dO[(l-4C)alko3^-4C)all^]amino as used herein means an amtM group, 
monosubstituted or cfisubsdmted wiA (l-4C)alkoxy(2-4QaIkyl groups. The (1- 
4C)alkoxy^-4C)alIg^ group is an alfcos^ groiq> having 1-4 caifaon atoms, connected to 
an alkyl group having 2-4 carbon atoms and has Ihe' ^me meaning as previously 
defined, 

s 

The tenn (l-4C)aI]{ylaminoCZ-4C}a]kyl as used herein means an alkylamino group 
having 1^ carbon atoms, corniected via the ""^wn groiqi to an aOcyl group having 2*4 
carbon atoms, tiie alkyl moieties hacvmg die same meamog as previously defined. 

The tenn (di)[(l-4C}a]kylamino(2-4C)all9l]am]no as used herein means an amino 
group, monosubstitulcd or disubstitufed with (MC)a]k3damino(2-4C)aI]cyl gro^. The 
(l-4C)angrIaniino(2-4C}aI]grl groiq> is an aU^amino group having 1«4 carbon atoms, 
connected via the amino group to an aUcyl group having 2-4 caibon atoms ^4 tiay the 
same meaning as previously defined. 

The term ammo(2-4C)aIkyl as used herein means an aminoaO^l group having 2«4 
carbon atom% die alkyl moiety having the same meaning as previously defined. 

The tenn (di)[amino(2-4q)aU^]]ammD a^ used hensn means an Amtrto gyi^up^ 
monosubstitutBd or <fisubstitnted vdth aminoalkyl groups having 2-4 carbon atoms and 
having flie same meaning as previously defined. 

The temi hydroxy(2-4C)alkyl as used herein means an bydroxyaOcyl group having 2-4 
carbon atoms; the alkyl moietjr having the same tweaty^ng ^ previously defined. 



The tenn ((fi}piydnniyC2-4C)aI]cyl]ainiiio as used beteSa means amino gtoup^ 
monosiibsthiited or dBsuhsdiuted MPith liydnixyalkyl gcoiqis, baidng 2*4 caAon atoms 
^od having Ifae same meaning as previoiisly defined. 

The tern R^-C2-4QaIIgd as used herein means a grottp anadied to an al&yl mme^ 
having 2-4 carbon atoms vriUch has fte same meaning as previously defined. 

The tenn R*-carbonym-4C)all5yI as used herein means a group attached to the 
carbonjd moiety of a carbomylalkyl groiqi, Ae alk^ moiety having 1-4 caibon atcnzis 
and having the sanae meamng as ineviously defined. 

The term phaimaceotically acceptable salt lepiesents those salts which are, within the 
scope of medical judgem^ suitable for use in contact for the tissue of humans and 
lower annuals without undue to:3dcEty» ]]zitatiaD» allergic response and the like> and aie 
comnmisaiatB with a xeasimable benefiMisk ratio. Phaimaceutically accqstable salts 
-are well known in die art. They may be obtained during the final isolation and 
purification of the con^Mmnds of die invention, or separately by reactmg a izee base 
fimction, if present, with a suitable mineral acid such as hydrocUoiic acid, phosphoric 
acid, or suliimc acid, or with an organic add such as for example ascorbic acid, citric 
acid^ tartaric acid, lactic acid, maleic acid, malonic acid, fiimaric acid, glycolic acid, 
succinic acid, propionic acid, acetic acid, methanesulfonic acid, and the like. If present, 
an acid function can he reacted widi an organic or a minera l base, like sodium 
hydroxide, potassium hydroxide or lithium hydroxide. 



The invention thus relates to the compounds of Fomnila I as defined here above. 

In another onbodiment tiie inveixfion pmiddes compounds according to Formula I 
wfaeremR'andR^ are Me. 

The invention also relateis to' compounds of formula I,, wherein R^ is ^ 
6C)heterocycloalkyl(l-4C)alkyl, C-5C)hcteroaryl(l-4C)alkyl, (2- 

6C)hetcroqrdoalfcylcarhoi]ylaniinoCW R^^-4q)aU^l, R^-carbonyl(l- 

4C)all9L 



In another aspect tfie invendoii coocenis eooqpoimds according to Foimuh I vrimein 
is (2-^)heteroi7cIoattyl(l-4Qailkyl, (2-5q>heteroaf^(l4C)a]kyl. R'<2-4C)a]kyU 
R^-c»rlxniyl(l-4C^)aIkyL 

In yet anoilier as^iect the invention idaies to eon^unids aoooiding to Faomila I 
5 Wher^ ^ is ^<«C)luterocydoBlkyl(l-4C)aIkyl, C2-5C)heteroaiyl(MC)a]ka^ 0£ R^- 

£a BDother aspect the invention tdates to oongiouDds aeconling to Fonniib I v/tustexa 
R^ is (2-6Qhetaocydoalkyl(l-4C0anqrl. 

Aocanfing to yet anotfaer embodiment of die invention ifae heteiocycloalkyl gioiq» in 
10 lietmcyidoaBgrl(l-4C)a]kyI inR^ accoxdi^g to Fomuda I consists of 4^ S or 6 C atmns 
and the heteioaiyl groiqp in hetefoaryl(l -4C)aIkyl in conasts of 3 » 4 or 5 C. atoms. 

bk anodier embodiment llie invention relates to compounds according to Formula I, 
i^iecetnR^ ts(6C)aryL 

In yet another embodiment ihc invention provides compounds of Fonnula I wherein R^ 
15 is (di)(l-4C)aIkylamino» amino, (di)(3-4QaIkcnylamino, (2-5C)hetcroaiyl(l- 
4C)alkylam2no, (6C)aryI(l-4C)alkyIamino, (di)[(l-4C)Blkoxy(2-4C)aIkyl]amino. 
(d]}[(l-4QalkylaniinoCMC)alkyl]a^^ (di}[anmoC2.4Qa]kyQamino» 
(di)[hydfoxy(2-4C)aI]s7Qanm 

In another aspect die invention relates to compounds .according to Fc»miila I wherein 
20 R^ is (di)(l^aIkylanuno, (2-5€^temaiyI(l-4QancyIamiao» (di)[(t-4C)alko2cy(2r- 
4C)alkyl]aminD, (dQ[(l-4C)aIkylamino(2-4Qdlqyqanim (di)[aniinoCZ- 
4Qa]kyl]amino or (di)ItordFoxyP-4C)alM 

la another aspect ihe invention rdates tD compounds according to Formula I ivherein 
R^ is Cdi)(l-4C)all7lamino, amino. (di)(3-4C)aIkei)ylamino, ^-5q)heteroaiyI(I- 
25 4Qan^amino,(6C)aiyI(l-4QaI]cylamino. 

Anotfaer aspect* of the invention are compounds aeconling to Fonnula I vAstein R' is 
(di)(l^)alkylammo or amino. 

In yet another aspect of the invendon, theie are provided compounds aocoxding to 
Fonnula I whei^ R^ is (dQCl'^Qalkylamino. 



I 
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Yet anotlier aspect of the invention concerns conQx>unds vrfaeraa all q^edfic 
definitions of Hie groups tiuough as defined heie above are comUned in tiie 
cooqiound of Fommla L 



5 Suitalde melhods for liie pr q w r ali on of tiie c<mipounds of tiie invention are outlined 
below. 




I-aR'»R^»Me 
tbWoe^H 



The compounds of tiie present invention vvitii fiKmiila I-a can be pgrepaxed starting with 
die well-documented Skraup reaction. Perfonning tins reaction on N^tert^ 
10 buttMcycarbonjd (JV-Boc) protected I»4-]^eiiyienedi8miiie (11) gives IJ- 
dtti^Tdroqninoline denvative ni-a. 

Related Skxaup cyclocondensoticMCi reactions are found in literature: A. Knoevenagel, 
Chem. 54:1726, 1921; RX. Atidns and D.E. Bli5S» J. Org. Obem. 43:1975» 1978; 
J.V. Jotmsoxi. B.S. Rauckman, DJP. Baccaaari and B. Rodi, J. Med. Chem. 32:1942, 
15 1989; W,C. Lin, S.-T. Huang and S.-T. Lin, X Chin. CStem. Soc. 43:497. 1996; JJP: 
Edwards, S J. West, KLB. Marscdbke, Mais, M.M, Obttardis and TJC Jones, J. 
Med Chem, 41:303, 1998. 

The abovementioned reaclibii is typicalfy conducted at elevated temperature in acetone 
or meshyl oxide in the presence of iodine or protic acid such as hydrochloixc acid, j7« 
20 toluenesulfonic acid or aqueous hydrogen iodide. Alternatively, the compound of 
formula Hl-a can be pr^ared by reacting compound II vAfh acetone in tiie presence of 
MgSQt, 4-rM-butylcatechol and iodine (UG. Hamann, RJ. Higuchi, L. Zhi, JJ^. 
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Edwaids and X-N. Wang, J. Med. Chem, 41 :623, 199S]. In yet anotber procedure, the 
reaction can be peifbimed in acetone using lanthanida txifiates (e.g. scandium inflate) 
as catalysts. In tbis ca^ fte reaction can be run at room temperature or at elevated 
tRmperafures using conventional heating or microwave irradiation QSA, E. Theoclitou 
5. and L. A. RoUnson, Tetrahedron Lett 43:3907, 2002). 

The compound of ftmnila m-b can be prepared fiom ^-Boc-l,4-phenylenediamine n 
by reaction MOth me&yl vinyl ketone^ Related cyclizations are descrited in Undfed 
States Patent 2,6864 82 (Badische Anilin- & Soda-Fabrik Aktiengesellschaft). . 

Subsequent l-Macetylation of the compounds of fonnula IK-a-b can be carried out 
10 using standard conditions. In a typical experiment, compounds of formula Ul-a-b are 
heated under reflux in acetic anhydride or reacted in a solvent such as dichlozoxnefhanje, 
tetrahydrofumn, tohiene or pyridinB with aoc^ diloride in the jpesence of a base such 
as /iU^Kliisopropylelhylaaune« trieOqrlamine or sodhun hydride to give the l-JNT-acetyl* 
4-iiMhyI-i;!<lihydxo<|aiooUne derivatives <tf formula lV-a4>. 



IS 




V-aRlR2=Me VI-aR'Jl'^Me Vn-aR'^2 = Me vnr^R"^2 = Mc 
y-bRl,R2«H VI-bR>JR2»H Vn-bRi^a = H Vffl-bR».R^-H 



Standard cleavage of the Boo protective group under conditions well known to those 
sMlled in the art af&rds the 6-«min0-*l,2*^ydroqttinoline derivative of fonnula V-a- 
b. This reaction is typically conducted in dichloromethane in. the presence of 
triflumoacetic a«»d. 

20 Subsequent S-iAT-ocylation of the compounds of foimula V-a-b can be canried out using 
standard conditions to give compounds of general fermufa VI-»-b, wheardn R"* is as 
ineviousiy dejSned. For example, compound of fimnula V-a-b are reacted in a solvent 
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such as didjlQ]rDmelhanc, tetrahydrofuran or toluene mlh an acyl halide (R^*C(0)-C1) 
or acid anhydride 0C*-C(O)-O-C(O>-R'*) m the presence of a base sudi as JV, JV- 
dikopn}pylethylazziine» triethylammey jiyridme or $odium byddde to give (S^iV^-ac^lated 
4Haicsfiiyl-lJ2-d]hydR)qui]ioline dedvadves of Simula Vl-a-b. Alternatively^ acylation 
S of oonxpfifODds of general fiMiuul& V-a-h to give compounds of general foxmula Vl-ft-b 
can ako be acconsplisfaed fay leacdouM^ an appropriate carboi^ in 
the presence of a coupling reagent such as O-OxsaxjftdBi^^^ 
tetraisefliyluKonium tetrafhioroborate (TBTUX £><7-^zabenzotdazQl-l-yl>J%J^.iV''l\r • 
tetramefhyluronium hexaihiorDphosphate (HATU) or bxomotripyirolidinofidiosphonium 
10 he)tafliioiopho5phste (PyBiOP) and a terdary base» e.g. A^Ar-^iisopropylethylamine, in 
a solvent: sodi as AU^Mimed^tfimnamide or dichloromethane at ambient or devated 
temperature. 

Introdixcdon of the requisite substitnted phenyl group at poaiion 4 of die 
dilqrdroquiDoIine sca£Fold can be aocomplished via Friedel-Crafts alkyiation of anisole 

IS with tlie compounds of general structure Vl-a-b to yield compounds of general formula 
VlJ-arb. This reaction is typically cooducted at elevated temperatures either in anisole 
or in an appropriate inert solvent such as heptane or hexane Mdlfa anisole as reagent, 
under catalysis of a Lewis acid (e.g, AICI3, AlBrs, FeClj or SnCU). Friedel-Crafts 
alkylalions with 2^4-tninethyI^I,2«dihydroqamolines are described in literature by 

20 Lugovik» L.a Yiidm and AJM. Kost» DoU. Akad. Naiik SSSR, 170:340, 1966; 

Lngovik; L.O« Yudin, Vinogradova and AJM. Kost» Khhn. OeterosikL 
Soedui, 7:795. 1»71. 

Alternatively, iV-Boo-I/f-phenylenediBmine II can be reacted widt 2-<4- 
niBdu»QfpheQ3i>ipropen6 and iS^rmaldehyde in acetonitiile at amiMest or elevated 

2S tempraaturc, fbUcwed 1^ l-iyT-acetyladcm ad described previously, to give die 
compound Vll-b in i^iich = O-ien-Bu. Related cyclizaiions are described in 
literanue: JM. Mellor and GJD. Merriman, Tetrahedron, 51:6115. 1995. Cleavage of 
the Boc protective group and subsequent acylation of the 6-amino funcdofn with an acyl 
baHde (R^«C(0>Cr) as described befcnc gives access to compounds of general structure 

30 Vll-b in wldcb is as described previously. 
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Cleavage of the ammatic methyl etiber in oompoimds of general fcxmula Vll-a-b 
affords 4-(44iydroxypbenyl) substituted tetxahydroquinoli&e derivatives of geneml 
fozmula Vlll-arb, setting the stage for funcdottaiizadcm of fte free OH gzoup. 



Ra— X 




lX-a:X='Cl,Br,f 

JX-b:X = OH Vra-aR»JR2«Me I-aR^JK^-Nfe 

vin-b k^;b? =h i-b r^jl^ » h 



Demefhylation teactxons of aromatic methyl ethers are weD knomi to those skilled in 
the art Iti a typical experiment, demethylation is achieved upon reaction of a 
compound of formula Vll-a-b with BBra in an inert solvent such as diddoromei&ane at 
low to ambient temperature to give demethylated compounds of general formula vm- 
10 arb. Alternatively, demethylation can be accomplished upon reaction of compounds of 
fonnola Vn-arb mth BFaMczS complex at ambiem temperahne. 

Selective O-aDgrladon of compounds of general formula VDI-a-b vdth fiinctionalized 
aOcyl halides of general formula IX-a, leads to the fomiation of compounds with 
gencsral fommla I-arb. AOgrlaticm reactions of aromatic hydroxyl groups are well 

IS known in die art. Typically, a solution of a compound of general fonnula VHI-a-b in a 
suitable solvent such as l»4-dioxane» tetFahydrofimm, dicMorometfaane, acetDfutrile, 
acetone or J^T^iSMimetiis^fiHranaanide is treated with a base (e.g. JSCAT-dnsopropylamine. 
triediylamine^ K^zCOa^ Cs^zCQs or NaOH) and the aippropriatc alkylation reagent of 
general formula IX-a, for example bensQfl bromide, 3-(jBmetfayIamino)-propyl chlrndp, 

20 4-(2>chlon>eihyl)-morpholine, 2-picolylchloridc or 2<Woroacetamjde. Alternatively, 
alkylation can be accomplished by tiie known Mitsunobu*type alkylation. In that case a 
solution of a compoimd of general formula Vm-a-b in a suitable solvent such as 1,4- 
dioxane, tetrahydrofuran, or dichloromethane is treated with (resin bound) triphenyl 
phosphine, diethyl- or di-rerr-butyl azodicarbo^^late and a fimctionalxzed alcohol of 
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general fiDnmila DC-b. la principle, 1)oth alkylation methods can be used for all 
groiqpSy but a suitable protective giroup strategy may be required if contains a 
niideophilic groi^ such as a secondary amine or -s hydtoxyl groiqji Selection of a 
irotective group and deprotectioB conditions are trivial to those s • 

5 Another jmcedure to obtain compounds of the current invention starts with the t 
alkylation of compounds of general fbimula Vni-a-b wfh esters of general fomiulaX. 

The alkylation reaction is typically conducted m the presence of a base sudi as KN- 
diisopropyletibylamino or socfimn hydride in a' suitable solvent such as iy^iVr- 
dizbethylfonnamide or tetrahydrofuran at ambient or elevated temperature* The ester 

10 iimcdon in thp resulting compounds of general formula Xl-a-b in which A Me or Et 
can then selectively be reduced under oonlrolled conditions to afiSnd compounds of 
general formula XQI-a-b using an appropriate reducing agent sudi as lithium 
aluminum hydride at low teni^aatUEe o£ sodium bozol^dride in an inert solvent such 
as tetrahydrofuran. The fiee hydroxyl group in confounds of general formula Xlll-^b 

IS may subsequently be reacted with 4-tolu8D8Sulfonyl dUoride (Tft-Cl) or 
methanesutfoiryl diotide (Ms-CI) in an inert solvent sudi as 1,4-dioxane, N^lf- 
dunethylformamide or THF in the presence of a suitable base such as triethylamine or 
pyridine to generate an appropriate leaving gibup (compounds of general foimula XIV- 
arb; LG - Ts or Ms, respectively). Nucleophilic substitudon wxUt an sqppropriate 

20 nucleophile (amine or alkoxide) under conditious known to those sidlled in the art then 
gives access to compounds of general formula I-a-b in which R^ » R^-(2-4C)alkyI and 
is as defined previously. 

■Conversion of compounds of general* foimula Xl-a-b in which A ^ r^rl-Bu to 
carbdxylic acids of general formula Xll-a-b may be ejBected by depmtection of the 

25 tert-haiyl ester fimctioQ. In a typical experiment^ the ^-butyl ester of general fimnula 
Xl-a-b (A » rat-Bu) is dissolved m dichjoromeaiane and treated with a strong add 
such as trifluKKToacetic add. The xesnlting caibo^lic adds of general fbnnula Xll-arb 
' toBy ttien be condensed with an appropriate alcohol or amine in the presence of a 
coupling agent such as 0<b6nzotriazol-l*yl>i7J^,7/^;/V'-tco^ 

30 tetrafluoniborate (TBTU), C^(7-azaben2»niazol-l-*yI)*Ar,Ar,J\r'iV'- 

hexa£luc»Dphosphat6 (EIATU) or brmnotripyrroHdinoidiosgihomum 
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hexafluotophosphate (PyBrOP) and a teitiwy base, e.g. JV^iSMiisopiopylediylaniiiie, m 
a solvent such as Jy^.TV^dimed^lfonnamide or dichloroxnethane at ambient or devaled 
temperature to give compounds of general fonnula I-a-b in v^bich « R^-Garbonyl(l- 
4C)alkyl andR' is as defined previously. 




A«M^E^t-]3u Vin-aRVR2=Me XlraR^R^^Me 
n«lA3.4 VIItbRVR2«H XI-bR>^2=H 



XnJ-aR»J(?==Me 
n=W3 



XIV-ftRiai2=:Me 
XIV-bR>JR?«H 

IXS leaving group 



Xn-aR«JEt?=Me. 
Xn-bR«,R^=H 




I-bR»,R»=H 



Some of the compounds of the inventioja, wMch canbe in the finm of a fiee base, may 
be isolated fiom die reaction mixCQre in the form of a phannaceutically acceptable salt 
10 The phannaceutically accq)table salts may also be obtcuned by treatxcg die fiee base of 



16- 



&nnula I vdfh an organic oi inorganic acid such as hydrogen chloride, hydrogen 
bromide, hydrogen iodide, sulfuric add, phosphoric acid, acetic acid, propionic acid, 
glycolic add, maldc add, malonic acid, meflianesulphonic add, fmnaric add, succinic 
add, tartaric add, dtric add, henzok add» and ascoibio add. 

5 The compounds of the present invention possess at least one chiral carbon atom and 
may therefbre be obtdned as pure' enantiomers, or as a mixture of enantiomers, or as a 
mixture of diastereomers. Methods for obtaining the pure enantiomers are well known 
in the art, e^g crystallization of salts whidi are obtain^ fiom optirally acdve adds and 
die racamic mixture^ or dnomatogr^y using ohiral columns. For diastereomers, 

10 straight phase or reversed phase columns may be used. 

The compounds of the invention may fonn hydrates or solvates. It is known to those of 
skOl in die art diat cfaaxgiBd conqsounds form hydrated spedes m/hen ^philized with 
water,, or finrn solvated spedes whm concentrated in a solution mth an qrpropriate 
organic solvent The compounds of tfiis invention include the h/drates or solvates of 
15 the compounds listed. 

For selecting active comx)ounds testmg at IGf^ M must result in an activity of more than 
20% of the maximal activity when FSH is used as a reference. Another crit^on might 
be the ECsd value vdnchnrost be < 10^' H preferably < 10'^ M. 

20 The skilled artisan will recognize dfat de^raible ECso values axe dqtendent on the 
compound tested. For example^ a eon^und wiOi an EC^ widdi is less fliao 10*^ M is 
generally considered a candidate for drug selection. Ptefeiably this value is lower than 
lOr'^ M. However, a compound whidi has a high^ ECso. but is sdective fi>r the 
particular receptor, im^ be even a better candidate. 

25 Mediods to detennine receptor binding as well as in vitro and in vivo assays to 
detemune biological activity, of gonadotrophis are well known, tn gqneral, the 
eiqnessed recqfitor is contacted wi^ the compound to be tested and bini&sg or 
stiiimlation or inliibiticm of a fimcdonal response is measured. 

To measure a fimetiimal response, isolated DNA encoding the FSH tecGptos gene, 
30 preferatbly Ae human receptor, is exjiressed in suitable host cdls. Sudi a cell migfit be 
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the Chinese Hamster Ovaiy cell, but ofter cells axe also suitable* Preferably the ceDs 
Bie of maimnaHan origin (Jia et al. MoLEndocriD., 5:759-776» 1991)* 

Methods to construct recombinant FSH eaqpressing cell lines ace vveU known in the ait 
(Sambiook et aL, Molecolar Cloning: a Laboxatozy Manual^ Cold Spziog Haibor 
5 LaboratDiy Press, Cold Spring Harbor, latest edition). Expression of receptor is attamed 
by expression of &e DNA encodhig the desired protein. Techniques for site'diiected 
mutogoiesis^ ligation of ad^onal sequences, PCR, and construction of suitable 
expression systems are all, by now, well known in the art. Portions, or all, of the DNA 
encoding the desired protdb can be oonstracted syntfaelically using standard solid 
' 30 phase techniques, ^efcrably to indude restriction sites for ease of ligation. Suitaible 
control elements for transcripfion and trauidalion of the included codiD^ sequence can 
be provided to die DNA coding sequences. As is well known, expression systems are 
now ovsdldble which are compatible with a wide variety of hosts, including piokazyotic 
hosts such as bacteria and eiikaryotic hosts sudh as yeast, plant cells, insect cdls, 
15 inammalian cells, avian cells and die like. 

Cells expressing the receptor are flien contacted imSj the test conipound to observe 
UouSng, or stimnlarion or mhibitjon of a functional response. 

Alternatively, isolated ceU membranes containing the expressed receptor may be used 
to ineasiire bittdiikg of compound. 

20 For measurement of binding, radioactively labeled or fhiorescently labeled compounds 
may be nsed. Also competition binding assays can be -pcr^med^ 

Anodier assay involves screening for FSH receptor agonist compounds by detenmning 
stimuladon of receptor mediated cAMP accumulation. Thus» such a method involves 
expression of the receptor on the cell surface of a host cell and exposing the ceU to the 
25 test' compound. The amount of cAMP is then measured. The level of cAMP can be 
reduced or increased, depending on the inhibitoiy or stimulating effect of the test 
compound upon binding to the recqpton 

Screening for FSH receptOT antagonists involves incubation of FSH leceptor- 
expresdng cells with a concentration range of the test compound in the presence of a 
30 fixed, submaximally effective^ FSH concentration (Le., a FSH concentration that 
• induces ^;>proximalely 80% of the fwavimal stimulation of cAMP accumulation in the 



-18- 



absence of test CQmpound)* Fxom the concentratiojv-ej^ct curves, the ICso value and 
the percentage of inhibition of FSH-induced cAMP accinnulation can be detennmed 
for each of the test conypounds. Aa refeteace compound human recombinant FSH can 
be used. biAeabimiative also oompethion assays can be 

5. 

In addition to direct measurement of e,g. cAMP levels in the exposed cell, cells lines 
can be used vrfaich in addition to transfecfion mtb receptor encoding DMA are also 
trans&cted "with a second DNA encoding a reporter gene the expression of which 
responds to die level of cAMP. Such reporter genes mig^ be cAMP inducible or might 

10 f>e cottstnicted in siKh a "way tftat ibsy are connected to novd cAMP responsive 
dements* la general, reixnter gene expression nui^t be controlled 1^ aoy response 
element reacting to dumg^ levels of cAMP. Smtable reporter genes are e.g. the genes 
encodmg p-galactosidase, alkaline phosphatase^ firefly lucifeiase and green 
fluorescence protein. The principles of such ttansactivation assays are well known in 

15 the art and are described e.g. in Stratowa, CSx^ EBmmler, A. and Csemiloi^cy, AP^ 
(1 995) Cutr.Opm.BiotechnoL 6:574. 

* . * 

The presart xnveadon also rdates to a pharmaceutical composltiork compriang a 

tertrahydroquinoline derivative or pharmaceutically acceptable salts tiiereof having the 

20 general formula I in admixture witii pharmaceutically acceptable auxiliaries and 

optionidly other tiier^cutic agents. Ibe auxiliaries must be ^'aoceptable^ in the sense of 

being compatible with the other ingredients of the composition and not deleterious to 

the recipients thereof. 

Compositions include e.g. those suitable for oraI» sublingual, subcutaneous, 
2S intravenous, intramuscular, locals or rectal administration, and the lilo^ all in unit 
dosage forms for administration. 

' For oral administTstion, the active ingredient may be presented as discrete unitSy such 
as tablets* capsules, powdeis» granulates, solutions, snspCTsions, and the like.* 

For parenteral administration^ tite idrarmaceutical compontion of the invention may be 
ao presented ia unit-dose or multi-dose coiiiatifers.eLg. ifyection liquids in predetermioed 
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amounts, for example in sealed vials and ampoules, and msny also be stored in a fieeze 
dried Gyophilized) conditioii requiring only die addition of sterile liquid canier, e.g. 
water, prior to use. 

Mixed with such phazmaceudcally acc^table auxiliaries, e,g. as described in the 
5 standaid reference, Genuaro, A.R. et bL, Remington: JTie Science and JPraeliee cf 
Pharmacy (20th Edition., Lippincott WUams & WiUdns. 2000, see especially Part 5: 
Phannaceutical Manu&cturing), the active agent may be compressed into solid dosage 
uoics; such as pills^ tablets, or be processed info capsules or suppositozies. By means of 
phanaaceadcally accqplable liquids the active agent can be qpplied as a fluid 
10 conqio^on, OLg. as an iigecdon preparation, in the fimn of a solixdon, suspension, 
emiibion, or as a spmy, 6.g. anasal spray. 

For making solid dosage unit$, the use of conventioral additives such as fQIcis, . 
coknama^ polymeric bindera and the like is oonteniplated. In genoal any phaima* 
cradcally accqitable additive i^ch does not mter&re with the fimction of ^e active 

15 compounds can be used. Smtable canim with wUdi the acdve agoit of the invention 
cm be administered as solid contortions include lactose, starch, cellulose deanvadves 
and the like, or mixtures diereo^ used in suitable amounts. For parenteral 
administration, aqueous suspensions, isotonic saline soludons and sterile Injectable 
solutions may be used, containing phaimaceutically acceptable dispersing agents 

20 and/or wetting agents, such as propjdene glycol or bufylene glycoL 

The invention furdier includes a pharmaceudcal compositiozi, as hereinbefore 
described, in combinadon with packaging material suitable for said composition, saud 
packaging material including instructions for the use of the composition for the use as 
hexdnbefoie described: 



£>im of implantable pharmaceudcal devices, consistiag 'of a core of active material, 
encased by a release rate-xegulating membrane. Such in^Iants are to be applied 
subcutaneously or locally, and will release the active ingredient at an approximately 
30 consent rate over relatively large periods of time; fiar instance fiom weeks to years. 
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The tetrahydroquinoline derivatives of the invention can also be administered in the 
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Methods fbr fhe preparation of implantable phannaceutical devices as such are known 
in the art, fiir example as desczibed inBiropeaa Patent (V303.306 (AKZO Nobel N.V.). 



The exact dose and t^pmen of administrad^ o£ the active ingredient, or a 
5 phaxmaceutical coinpositiQn tb»eo£ will necessarily be dqiendeat i^Km thethefi^wotio 
effect to be achieved (treafmetit of infertility; centEaceptian), and may vaiy *witii ifae 
particular compound, the route of adnunistration, and the age and condition of tiie 
individual subject to whom Ifae medicament is to be administered. 

In general parenteral adnnnistxsdon requires lo>wer dosages than other msHhods of 
10 administration ixdbicli are more dqpeadent upon absmption. However, a dosage fiir 
humans preferably contains 0.0001 -2S mg per kg body weight The d^iied dose may 
be presented as one dose or as muldple subdoses administered at appropriate intervals 
throughout the day, or, in case of female recipients, as doses to be admhustered at 
appropriate daily tntervals tiuoughout the menstrual cycle. The dosage as well as the 
15 r^imen of admirustrmion may differ between a female and a male lecipienL 



Thos^ the compounds according to Ibe invention can be used in therapy. 

A fintber aspect of the im^ention resides in the use of a tetrahydroquinQline derivative 
compound having the general formula I for the manu&cture of a medicament to be 
20 used for the treatment of disorders lesponsive to FSH receptor mediated pathways. 
Thus, patients in need thereof can be administered with suitable amounts of tiie 
compounds according to the invention. ^ 

In another aspect the invention resides in the use of a tetrahydroquinoline derivative 
compomid having the general formula I fiir the manufacture of a mgdicamftnf to be 
25 used for the control of fertility. 

In. yet another aspect tiie invention resides in the use of a tetrahydroquinoline derivative 
compound having the general formula I for the manufiicture of a medicament to be 
used for the treatment of infertility. 
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I. 

Id still another aspect die inveidioii leAdes in llie use of a tetndiydroquiiioHiie 
derivative compound having the general fimxiiila I Att the manuftctiue of a 



The conqpounds accozding to'the inventioii can also be used jfor the t MH i nff iit of 
5 hormone-dependent disorders such as bteast cancer, prostate cancer and endometriosis. 

The inventicHi is iihistxated by die following examples. 



'Examples 
General Cotemests 

10 The fbUowmg abbzeviadons are used in die examples: DMA ^ A^AF-Amediylanilinj^ 
DIPEA = //^-diisopropylediylammi^ TFA » nifluoroacetic ad4 DlBAD » di-/er/- 
buiyl azodicaiboxylate; TBTU = CKBai!m1ria2ole-I-yl-^,jSCAr' JV'-teliamedi^^ 
tctrafluoroborat^ HATU = 0-C7-a2abenzotriazolc-l-yl)T^;i\r,J\r',iV'Metrame^^^ 
hexafiuocophosphate; Fmoc = 9-^flttoienyIm6thoxycazbonyI; Fmoc-Cl 9- 

IS fluonaiylmedioa^caibonyldilorid^ * DMF » A^A^dimediylfimxianud^ Boo « /er/- 
butoxyeaibonyl; IDF » tetraihydroffaiaxi. 

The names of the final products- described in the examples are generated using die 
Bcilstem Autonom pxigram (vemon: 2.02.1 19). 

Unless stated otherwise, all final products of the examples below are lyophilized fiom 
20 wat€r/l»4-dioxane mixtures or watez/acetonitrile mixtures. If the compound was 
prepared as a HCl- or TFA salt, die respective adds were added in appropriate amounts 
to the solvent mixtoie beSue lyophilizadon. 

The &llowing analytical HPLC xoeOiods are used for detezminadon of letendoa times: 

IVdediod 1: Column: 5 jun Luna C-18(2) I50>e4.6 mm; flow: Iml/min; detecdom 210 
2S nm; column ten^perature: 40 K!; sdvraxt A: CH3CN/H2O = 1/9 (v/v); solvent B: 
CaHbCN; solvent C: 0.1 M aqueous trifluoroacedc arid; gradient solvent A/B/C - 
6S/30/5 to 10/85/5 (v/vAO in 30.00 min, thm constant &x an additional 10.00 min at 
A/B/C = 10/85/5 (v/v/v). 

Method 2: Identical to mediod 1 y except for the gcadioit used: Gradient solvent A/B/C 
30 75/20/5 to 1S/80/S (vAr/v) in 30.00 min, dien constant for an addidonal 10.00 min at 
A/BrtZ = 15/80/5 (v/v/v). 
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Method 3: Column: 3 \aa Luna C-18(2). 100^2 mm; flow: 0.25 ml/min; detection: 210 



phosphate buffer, pH Zl; gradient: solvent A/B/C - 70/20A0 to 10/80/10 (v/v/v) in 
20.00 mini fhen constant fin^ an additioial 10.00 mm at A/B/C » 1C/8Q/10 (v/v/v). 

5 Melfaod 4: Identical to mefliod 3, except for the gradient used: Giafienb solvent A/B/C 
« 65/30/5 to 10/8S/S (v/vAr) in 20.00 ml% Hien constant for an additional 10.00 min at 
A/B/C « 10«5/5 (v/v/v). 

Method S: Identical to method 3, except for Ae gradient used: Gradient: soWent A/B ^ 
75/25 to 0/100 (v/v) in 20.00 min, &eo constant &r an additional 10.00 min at A/B/C - 
10 0/100 (v/v). 

Method 6: Identical to niethod U «cept for the giadi«t used: (Sradient: solvent A/B/C 
= 3S/60/S to 10/85/5 (v/v/v) in 30.00 min, then constant for an additional 10.00 nun at 
Aa/C« 10/85/5 (v/v/v). 

The following methods oie used for preparative HFljC-putificadons: , 

IS Method A: Column » Luna C-18. Oiadient: 0.1% trifluoroacetiQ acid in HzO/CS%CN 
(9/1,* v/v)/C%CN - 100/0 to. 0/100 (v/v) in 30^5 nun» depending on the ease of 
separation. Detection: 210 nm. The ^ropriate. fiacdons vvere collected and 
ooncmtrated (partiaUy) m ^racuo. 

Method B: Column = Lima C-18. Gradient: HiO/CHaCN (9/1, v/vyCHjCN = 80/20 to 
20 0/100 (v/v) in 30-45 min» depending on die ease of separation. Detection: 210 nm. 

Example 1 

Biphenvl>4-cafboxvlic acid ll-acctvl-4>r4^2-dimethvlamino^thoxvVphcanvll-2.2-4- 
trimethvM .2,3.4-tetrab v<^r^-qntt> olin-^^>-amide 

fa^. (2.2.4-TrimeAvM :2-dihvdniauinolin-6-vn-caibamtft ^r^A /i»^4>utvl ester 

25. A mixture of iV^Boc-l,4-phenylenediamine (75 g)> MgS04 (216 g), A-tcrt" 
hutylcatfaechol (1.8 g) and iodhie (4.7 g) in anhydrous acetone (600 ml) was heated 
und^ reflux for 20 h. The MgSOa was removed by filtration and the filtrate was 
concentrated in vacua. The residue was duomatogr^iihed on a short plug of silicagel 
udiig hqptane/ethyl acetate = 8/2 (v/v) as the eluent to give tiie product as a hro^ oiL 



nm; column tempcrattne: 40 ^C; solvent A: H2O; solvent B: CHjCN; solvent C: 50 mM 



30 Yield: 41 g. 



I 
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(b\ 0'Acetvl>2.2,4-tnW<hvl>K2>d nwdroquinolin'^«vlVc^^ aci^ terg-^bntvl es^ er 

A solution of the compound described in example la (41 g) iapyridiae (200 ml) and 
CH^Cb (200 mO was cooled to 0 X:. Acetyl dUonde (21 ml) in CHiCh (50 ml) was 
added dropfwisd. After complete addition the mixtnte was stined for 3 h at room 
taispaabm. Ethyl acetate (21) and HiO (2 1) were added and ^ organic layer was 
sepazated, dried and conc^trftted in vacuo. Hie tBtle compound was obtained 1^ 
crystallization fiom elhyl acetate. 

Yidd:23g. 



(^)- l-Ace^7i>A^infi,7^7^4- trimcflivM,2. ^^ 

The con^jound described in example lb (15 g) was stined in a mixture of CH2CI2 and 
. TFA (9/1 (vN), 300 ml) for 2 h* The reaction mixture was cooled down to 0 **C, and the 
pH adjusted to pH 7 using a 2 M aqueous NaOH solution. The organic lecyer was 
separated, wadied mdi brine, dried and ccmcentiated in vacuo to ^ve tfie crude 
product that was used witftout further purification in the next step. 
Yield: 10^ g 

(d). BiriwrvM-catfaoxvlie a ^d fl>acehfU2,2.4-trimeflwM.2rdilivdniaui^ 
amide 

To a solution of the compound described in exanple Ic (10 g) and DIPBA (40 ml) in 
CBtCh (100 ml), was added 4-biphcnyIcarbonyl chloride (9.8 g) and the resulting 
mixture was stirred ibr 18h at room temperature. Water was added, the organic layer 
was separated, dried and coacatrated in vacuo. The product was ccysfcallized from 
eflqrl acetate. 

Yield: 15 g 



(el BiDhenvl-4-^saihcixvl^c acid fl-flcet yl^f4-TnethoxvDhciivlV2.Z4-trimethvM,23,4- 
tetrahvdromrinolm-6-vl]-«i^jj% 

Whfle stirring, aluminum Iriddoride (9.7 g) was added to a mixture of &e compotmd 
described in example Id (10.0 g) and anhydrous anisole (50 ml) and the resulting 
mixture was stirred at 35 ''C for 1 8 h. After this time, water was added ^ 0 and the 
resulting mixture was extracted with ethyl acetate. The organic layer was separated, • 
dried and partially concentrated in vacuo and the mixtu^ was stewed at 0 ^ for 18 h. 
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TbB ibxmed piecipitaie was collected by filtration and dried in vamo to give the title 
'coiqpoiind. 



^dd:7^e. 

5 rfl. Bit)henvl^4-caiboxvllc a cid n^^ace^vl^A^hyrdmm^ 
tBllAviiit»^nolin-g-.v1'|-airH#iA 



-«C was added a solution of boron tnfaroimde (5 ml)'in CH2CI2 (SO ml) and tihemixtuis 
^was kept for 4 h at 0 X. Water (ca 500 ml) was carefuUy added and the insulting 
10' mixture was vigorously stin^d. The organic layer was separated, dried and 
cpncoitrated ui vacuo. Crystallization firom ethyl acetate afforded tb<e title con^iound. 

Yield: 6.1 g. 

(g) Biphenvl-4-caiboxvllc acid {l>acetvl-4>r4~r2 -HiTnethylam mo-ethQXvVphenYn- 
15 2J-4-trimell *Y^^i^.^.^» etrahvdrQ-auinolin-6-vU-^ami^^^ 

Goieral procedure A: To a solution of die compound described in example If (70 
mg) in DMF ml) were added CsxCQa ^00 mg) and 2-dxmediyIani2na-etlEylGhloride 
hydrocbloiide (17 m^. The resulting mixture was stined overnight, after wbich water 
and etl^l acetate were added. Ibe organic layer was separated, dried and concentrated 
20 in vacuo. The product was purified by preparative HPLC (method A) and lyophilized 
fiom a mixture of CHjCN and water contmnbg TFA to give the corresponding TFA 
salt 

Yield: IS mg (TFA salt); MS-ESI: [M+Hf » 576.6; HPLC: Rt ^ 14^ mm (mcOiod 3). 
Example 2 

2S BiDhenvl-4-carbQxvlic a cid n>acetvl>4-r4~aHiiip gthvlamiiif ^DrQDoxvVphenvIl-2.2.^ 
trimethvM,23,44etrahYdm-qiitnn lhi-^Yl>^amide 

According to general procedure A» the compound described m example If (70 mg) was 
allgrlated with 3-^etIiylBmmo-pn>pylchIoride hydrochloride (19 mg) and CS2CQ3 
30 (200 mg) inDMF(2 ml). The product was purified by piepazative HPLC (method A) 
and lyophilized fiom a mixture of CEbCN and water contmning TFA to give the 
corresponding TFA sate. 



To a solutioai of the con^und described in example le (7.9 g) in CHiCb 000 ml) at 0 
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Yield: 58 mg fJFA salt); MS-ESI: [M+H]* = 590,4; HPLC: 15.36 min (meibod 3> 

Biphenvl^4-cariMXYlic acid f l-acetvK2.2_4^trimethvt4-r443^ 
TiiDDoxyVphcnYn>1.2-3, 44etiahvdiD^^^ 



AccQxding to geoexai procedure A, the compound described in example 1 f (70 mg) was 
alkylated iwilh S-moqdioIinopiopylchloride (26 mg) and CsiCC^ p^OO mg) in DMF (pL 
ml). The product was purified by preparative HPLC (method A) and lyophilized fiom a 
nnxtuxe of CI^CN and water containing TFA to give the coixesponding TFA salt. 

meld: 56 (TFA salt); MS-ESI: {M+Ht^ 631.6; HPLC: Rt " 15.40 min (method 3). 
Example 4 

BiDhcnvl-4>€arbDxvlic add ( l-acetvl-2,2.4-tiimetihvl-4-r4-fDvridiiL-2-vhneflioxvV 
phenvIl-1.23.4^tetrabrydn>«ouinolin"6"yIT-amide 

Accordiog to general procedure A, the compound described in example If (100 mg) 
was aU^lated with 2-picolyl chloride hydrochloride (33 mg) and Cs2C03 (325 mg) in 
DMP (5 ml). The product was purified by {{reparative HPLC (method A) and 
lyophilized fiom a nuxtore of CE&CN and water confaimng TFA to give the 
cone^nding TFA salt * 

Yield: 60 mg (TFA salt); MS-ESb [M+Hf-^ 596.4; HPLC: Ri=> 19.75 min (mediod 2). 
Example 5 

Biphenyi»4*carboxvlic arid fl-acetvl-2,2.4-timeflivl'4»r4>/l-methvl»piper^ di^l> 
iflmeAaKyVohemrn-1^3.44etehvdrD-Qmnolin-6-vlV^ 

According to general procedure A, the compound described in example If (100 mg) 
was alkylated wiflt 3-chloiometfayl-l-methyipiperidine hydrochloride (33 mg) and 
CsaCOa (325 mg) in DMF (5 ml). The product was purified by preparative HPLC 
(method A) and lyophilized fiom a mixture of CHaCN- and water containing TFA to 
give the conesponding TFA salt. 

Yield: 60 mg (TFA salt); MS-^BSI: [M^Bf = 615.4; HPLC: Rt =» 16J0 min (method 2). 



I 
I 
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Example 6 

Biphenvl^arboxvHc acid n-ace tvl^f44^-aift fe Ylamino^thoxvV|^^ 

AcGoidSng to geoccal piooeduic A, flie compound descdbed in ooonple If (100 mg) 
5 was allgrlated with 2Hliethylain]no-etiiyl cUodde hsfdiodUoride (3S nsg) and CszCQj 
(325 mg) in DMF (5 ml). The product wa$ purified by ptepaiative.HPLC (method A) 
and lyoplulizcd fiom a mixtme of Ci^CN and water contaming TPA to ^yc the 
coixespondh^ TFA salt. 

Yield: 67 mg (TFA salt); MS-ESI: IM+H]* « 604.4; HPLC: R, = 1 6.38 min (metfiod 2). 
>io Example 7 

BiphenYl-4-carbo3cvKc add fl-acetvl'>2.2-4«4rimethvl^r4 -fpY?^Hfi ^ 
phenvn«L23-4>tetrahvdro>qiimol>n,i;-Y^)>atw^ 

According to general proceduie A, the compound described in example If (100 mg) 
was a]](ylated with 4-picolylchloride hydrochloride (33 mg) and CsjCO^ (325 mg) in 
15 DMF (S nd). The product was purified by preparative JHOPLC (method A) and 
- fyophHized fiom a mixture of GE3bCN and water containing TFA to give the 
conespondmg ITA salt 

Yield: 61 mg (TFA sab); MS-ESI: fM+Hf » 596.4; HPLC: Rt « 16.64 min (method 2). 



20 MoTpholipe-4-carix>xvlic acid f3"f4-fl-acetvl-6-frt>iphenyl'4-carbonvlVamino1^2-2,4- 
trimeAvl-L2,3-44E tnahvdto-quhiolin-4>^^>phe^ 



was allcylated with nioiirii61iAe-4-Gazbo;gdic add (S-^ibloropropyljamide (S3 mg) and 
CS2CO3 ^25 mg) in DMF (5 ml). The product was purified by preparative HPLC 
25 (method A) and lyophilizedfiiom a mixture of C%CN and water. 

Yield: 95 mg; MS-ESI: [M+H]* 675.6; HPLC: Rt - 1 8 Ji4 min (melhod 3). 



Biphtevl-4-cariio3cvlic acid fl-ac^l^f4-f;^-f^^7M>p ^l^vl.eflioxvV p^^^ 
tft^gftYl^l ,'g/=t,4*tetrahvdni-flumoliii-<S^vn-iimirf^ 

30 According to general procedure A, fiie compound described m example If (100 mg) 
was alkylated with 2-(hexamefhyleneuDino)elhyl chloride bydroddoride (42 mg) and 



Examples 



AocofvSng to general procedure A, the ^onqiound described in exanQ>le If (100 



Example 9 
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CsiCCh Q2S mg) iA DMF (S ml). Hie product was purified by preparative HPLC 



(method A) and lyophilized firom a mixture of CH3CN and iwater eontaming TFA to 
give die oonespondiiKg TFA salt 

Yield: 60mg(TFA salt^ MS-ESk [NMXf » 630.5; HPLC: JU^p^ ^ (mefliod2). 
Example 10 

Biphenvl^l-caAoxvKc acid n>-ace tvl-.2J^-4-trimeAvM-r4-fovridm-3-v^ 
phenvlVl,Z3.4>tetrahydrD-Qmnolm^vl}>^^ 

Accoidixig to general procedure A^ tlie compound described in example If (1.0 g) was 
alkylated with S-picoloylcfaloride hydzQchloiide (488 mg) and Cs^CQa (3.2 mg) in 
DMF ()0 ml). The product was pmified 1^ preparadve HPLC (mediod A) and 
lyophilized fiom a mdbdme of CB3CN and water cont^amng TFA to giva the 
cooesponding TFA salt. 

Yield: 8S4 mg CTFA salt); MS-ESI: [M+HJ* = 596.4; HPLC: Rt « 1655 min (meflxod 
3). 

Example 11 

Biphenvl-4-caffamcYlic ai^d ri-acetvl>4^4-cmbamovhneflioxv>iAePY^V^i^.4"^^'^ 
lA3.4->tetrahvdrQHanmoHifr-6-vll>ainide 

Affording to general procedure A, tte confound described in example If (100 mg) 
was alkylated with 2^ch!oToacetamide (24 mg) and CS2CO3 (325 mg) in DMF (5 rol). 
The product v?as purified by preparative HPLC (mediod A) and lyophilized fiom a 
mixture of CHaCN and water contaimng TFA to give the corresponding TFA salt 

Yield: 40 mg; MS-ESI: [M+Hl^ = 56!2.6; HPLC: Rc = 21.63 min (method 2), 
Example 12 

Biphenvl-4-carboxviic add ♦ri-acetvl-4«i'4-agvlcatK ^^l»"'^^ nxv-*iihmvlV^ 
truneflivl-1.2,3.4-tettahvdro>qu!nolin^-vn-amide 

(a). f4-n.-Acetv l-6-r(biphenvl>4H:arbonvnammo%2.2.4-trimethvl-K2-3^ 
quinolin-^-vUnhenoxv^acetic acid tert-buprl ester 

A mixture of the compound described in example If (2.58 gX rerf-butyl bromoacetacte 
(826 pi), K2C03 (2.8 g) and acetone (100 ml) was stirred for 18 h at 50 "C. The solids 
wexe removed by fihratiim and the fihxate was concentrated in vacuo to give the 
product that was used without fbrdiar purifiteaiion in Ite 



I 
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Yield: 3^ S 



Cb). (4-fl-Acetvl>6-rn>iDh6nvl-4-caAnf»vni^ ^ 
QttiiK>lip4-v»plteiiiixv\a^ ^rid 

The compound described in example 12a (3^ was stined in a mixtixre of CH2CI2 and 
TFA (9/1 (v/v), 100 ml) for 3 h. Toluene (100 ml) was added and tiie ndxtux^ was 
concentrated in vacuo to give the oude product^ that was nsed without fiutiher 
pocification. 

Yield: 33g 



(c). Biphenvl-4>carboxviic acid ri-acetvl-4^f4<dlvicarbamovlmethoxv*-phenylV2,2,4- 

Gmend procedure B: To a sohidon of the compound described in escample 12b (S2 
mgX allylamme (37 mg) and DIPEA (22 6 pi) in CH2CI2 (5 ml) was added TBTU (84 
mg) at loom tanperature. If the reaction did not teach conviction after 18 h, more 
TBTU and DIPEA were added» Ater completion of the reaction water was added» the 
OTganic layer was separated, washed with brine, dried and concentrated in vacuo. The 
titfecompoimd was purified by prqiamdveHPLC (mediodA). 

Yield: 48 mg; MS-ESI: \}A^Wt^ 602.4; HPLC: R, » 18.19 min (mdhod 4). 
Example 13 

Biphepvl-4-carboxvH c acid n'-acetyl-4-r4*nsoDron Y^g»r^^T"' ^vi''"gtf^03cvVphenvl1- 
2-2,4-trimediY!-lJ23.4-tetrahvdro-<niinolin-6>vn 

According to general procedure B» ftie coonpound described in example 12b (82 mg) 
was treated wiA isqpiopyIamine'(38 mg), DIPEA (226 pi) and TBTU (84 mg) in 
CH2CIZ (5 ml). The title compound was purified by preparative HPIC (method A). 

Yield: 45 mg MG5-ESI: [M+H]^ ««)4.6; HPLC: Rt » 18.63 min (method 4). 
Example 14 

Biphenvl- 4-carboxvlic acid fl-acetvl-4^4-diethvlcaibamovlmetfaoxy-phenyn-2-2,4^ 
trimetfavl- 1 >X3,44ctrahvdro-quinolin-6-vn-amide 

According to general procedure B, the compound described in example 12b (82 mg) 
was treated wiftdietl^laminelqrdrodiloride (47 mg), DIPEA (84 
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ng) in CH2CI} (S ml). The tide oompound was pitrified preparative HPLC (method 
A). 

I 

Yield: SI mg; MS-BSbfM^'^61M;VHA::Bi^ 19,09 min (method 4). 
Example IS 

PiphcnvMHearboxvHc acid ri-acetvl-2^^4-triinetiivl^r4-frfpvridi^ 
carbamQY n-methoxvl-phenYn-l, 2, 3.4-telTahvdTD^ 

According to general proceduze B« the compound described in example 12b (82 mg) 
iiras treated with 4-picolylaaiine (70 mg), DIPEA (226 and TBTU (84 mg) in 
CHzCh (S mQ. The title con^imd ms purified hy preparative HPLC (me&od A) and 
lyophilized ficom a mixtme of CHaCN and vrater ccuitaxoing TFA to gjve the 
coire^nding TFA salt 

Yield: 52 mg (TFA salt); MS-ESI: CM+iq* « 653.6; HPLC: R, = 1131 min (method 4). 

Exampk 16 1 

Bipheii(vM-caifao3CV«e add ri-^cetvl-4^4*irffiiran-2^vlmeThvn-cafbamovIVmetfaoxv>> 
iihenyn-^2,4-trimethvU1,2 3,4^etahvdro-^ . 

Accoxding to general procedure B, the ccmpound described in example 12b (82 mg) 
was treated with 2-furfurylaaiine (63 mg), DIPEA (226 id) and TBTU (84 mg) in 
CH2CI2 (5 ml). The title compound was pmjjSed by prepiatative HPLC (mefliod AX 

Yidd:50mg;MS-EStiM4^iq*«642.6;HPLC:R,-2131min(medM^ . 

BipheaYl^4HaiboxvBc acid /l-acetYl- 4>f4-rr2-inethoxv-€tfavlcarbamQvlV^ 
phenvn-2.2.4>trimeihvl-l-2 J.4-tetTgAvdm-Qmnol^^ 

According to general procedure B, the compound described in example 12b (82 mg) 
was treated witfi 2-mefhoxyethylamine (49 mg), DIPEA (226 |il) and TBTU (84 mg) in 
CH2CI2 (5 ml). The title conqjound was purified by preparative HPLC (method A). 
Yield: 34 mg; MS-ESI: [M+HT = 620.4; HPLC: Rj = 19.70 min (method 3). 



Example 22 

,]y-./l>Acetvl-2,Z4^trimgtfavl^ 

• tetrahvd m-qtiinoliii-6-vn-S4M^^ 
« 

(a) . n:Acetvt-2^4-triincfevl-1.2-dihvdro-oiifa acid 9-fliioreii- 
5 Y^mgff^yl ester 

To a solution of the compoisnd described in example I c (17 g) and DtPEA (40 ml) in 
CH2CI2 (100 nd), was added FmocCl (25 g) and tiie resulting mixture was stirred fi>r 
1 8h at room temperature. Ethyl acetate (ca 200 ml) and water 0 50 ml) wxc added, the 
Qiganiclay^ was separated, dried and concentrated in vacuo. The title conqsound was 
10 puxifiedbydironialogr^>hy onsiHcaeel uangCQzChast^ 

Yield: 16.6g 

(b) ri>Acetvl-4^4-mefhaxvpheavlV2:Z.44rimet^ 
carhp wt^ft aftM 9"fluorcnvlmrfivl ester 

15 While stinii^ alumimon trichloride (24^ g) was added to a mixture of tiie compoimd 
described in exan^ie 22a (16.S g) and anhydrous anisole (ISO ml) and tiie resulting 
mixture was stirred at 3S ""C for 18 h. After this time, water was added at 0 °C and fte 
resulting mixtuze was extracted with ethyl acetate. The organic layer was separated, 
dried and partiaily concentrated in vacuo and tiie mixtme was stored at 0 *^ ftr 18 h. 

20 The formed precipitate was collected by filtiadon and dried m vacuo to give the tide 
cofn^Mittnd, 

Yield: 10.1 g. 

(c) ri-AcetvW4-hvdn)xvDhenvlV2^.4>trimeftyl^lJZJ>4-1etrahvd^ 
25 darbamic acid 9-fluorenY lmeflivl ester 

To a mixture of tiie compound described in example 22b (10.1 g) in anhydrous CHiClz 
(500 ml) was added dropwise boron tribromide (5.05 ml) and the resulting mixture was 
stirred for 2.5 h at room temperature^ The reaction was quenched with ice water at 0 ^ 
and CHsQa was added. The organic layerwas separated, dried and stored at 4 for 20 
30 h. The fonned solids were collected by filtrali.on and dried in vacuo to g^ve the crude 
product that was used ixithout further pittificatioiL 

c 

Yield: 12.Sg. 
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I'Acetvl«6-am ino-2.2>4«t rimethvl-4>r4^3^Q^ 

A mixture of the compound described in example 22c (1.0 g), C^OOis s)»*4-(3- 
GhIoiopropyl)nioxphoIiiie (330 mg) and DMF (5 ml) was stined at 60 *>C for 18 h. 
Water was added and the mixniie was extracted with CH2CI2. TTie oigmic layer was 
dried and concentrated In vacuo. The title compound was puriiied by chiomatogiBphy 
on siHcagel using CH2CI2/ 2% concentrated ammonia in MeOH - I/O »> 9/1 (v/v) as 
Iheeluent. 

Yidd527mg 



(®)- Mfl>Acet^>.2,2.4-.trime fevl-4-r4>f3>m6roholm-4-vl-pr^ 
teiiJnrdro-quiimHn-6>vn-S^bromQ-2-metf^ 

Geneitf procedure C: To a solution of tiie compound described in wmmpift 22d (132 
rag), S-faiomo-2-methyIaimno benzoic acid (1 01 mg> and DIPEA (255 pi) in CH2CI2 (3 
15 ml) was added HATU (1 66 mg) at room temperature. Hie reaction mixture was stirred 
for 18 h at room tiai^jerature- Ethyl acetate (15 mO and 2 M aqueous NaOH (15 ml) 
were added. The organic lawyer was scptated and washed with 2 M aqueous' NaOH (1 0 
ml) and water (IS ml), dried and concCTrtxated in vacuo. Hie tide compound was 
purified by pceparative HPLC (mediod A). 

20 Yield: 69,8 mg; MS-ESl: IMMQ* = 663*4; HPLC: Rc = 14.65 min (method 3). 
£]UimpIe23 

J^(?-Acml«2.2.4>trimethvl-4-r4-f3>moroho]in-4-vl-nrDpDX^^ 
te(ial^droHiuinolm^6-vl^3,S-diddoi^ 

Accoidmg to general procedure Q &e conqyound descnW ui examtple 22^ 
25 was acylaled with 3»5-dichloio-2,6-dimethoxybenzoic acid (110 mg), DIPEA (255 id) 
and HATU (1 66 mg) in CaEfcCfe (3 ml). The title compound was purified hy preparative 
HPLC (method A). 

Yield: 68.3 rag; MS-ESL tM+Hf = 6843; HPLC: Rt = 13.45 min (method 3). 
* Example24 

30 P?phmYl-4-carboxvlic acid ri-acetvl>4^4-f2>rffiinm,2,vlmi^y l).. ^ 
pheny^2^,4-trimeflivM ^.4.tgtfiAvdiD-Qim,o1»n-g,yq-amldi> 
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(&)- (4-ll-Acetv t-6.rn>iphenvl.4Magbonvl >ininn1-9-7 .4.frimet^ 
cmiiw^lio^vliHTheniwcYViBrtie acid efl.vl 

AniixtuisBofttieooiiqKHmd if (I g)» efi&yl Inomoaeetale (220 |ilX 

i^COs (850 mg) and acetone (25 ml) mis sdned ftr 6 h. at SO *C. The solids wexe 
lemoved by filtratioii and the filtrate was concentrated in vacuo to give the product diat 
was iised Ttdtfaout further piirification in die n 
Yield: lig 

0>)- Biphenvl-4-carboxvlic aci d n>acetvI-4-r442-livdrQxveaioxv\DheavnA2:4, 
trimetfavU l,23,4-tetrahvdrooumolin-6>vl>-iiTnide 

To ^ solution of the cojoapoimd described in eocaraplc 24a (1^ g) in THF (10 ml) at 0 X 
was caiefidty added UALSU (78 mg}, and the resulting inixtuxe was sttned for 3 h at 
Toom tenqseiature. Etliyl acetate (50 ml) was added dropwise, followed by water (50 
ml). The aqueous layer was sepanated and extracted with ethyl acetate (SO ml) and die 
combined organic fractions were -washed with biine^ The organic layer was dried and 
concenttaled in vacuo to ^ve the product that was used without fiirttier purification in 
the next step. 

Yield: Ig 

(c)- Methanesul fonic add 2-f4>f 1 -acetvl-6>rfbipheiivl-4-carbonvnamino>2,2.4> 
1rimeflivl-1.2,3-4-tetrali^vd tOfluiriolin-4^^^ ester 

To a sohition of die compound described m escaoaple 24b (1 g) and DIPEA (1.7 ml) in 
CSkaz (IS mix was added dropMose a sohition of m^anesulfimyl dUoride C310 pi) in 
CH2CI2 (5 ml). After 2 hj^water was added, the organic layer separated, dried and 
conceatrated in vacuo. The title compound was purified by chromatography on 
silicagel usmg heptane/ethyl acetate = 9/1 => I/l (v/v) as the eluenL 

Yicl±870mg 

(d\ Bip}iqivl-4^caiboxvli c acid ri>acetvl-4-r4^/2-rffiiranr2^vlmethvlVaminol-edioxv^- 
phenvIV2- 2,4-trimgfeyl>l^,3.4-te trahyr<rft-^i{T>nlin-/;,Yl'|^aw^ 

General procedure D: To a solution of the compound described in example 24c (87 
mg) in C&bCN (5 ml) was added 24brfiiry]ainine (107 mg) and the resulttiig mixture 
was stirred at 70 *C ftr 18 1l Ihe nuxture was ooncenttated m vacuo and the product 
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was purified by preparative HPLC (mediod A) and lyophilized fiom a mixtiiie of 
CH3CN and vvater containine TFA to give the corresponding TF A salt 

Yield: 47 mg (TFA salt); M5-ESt IM»H|* « 628.6; HPLC: Ri = 1 1 J J min (metbod 4). 
Example 25 

BiDhenvl>4.carboxiiic add fUBCi^ tvlA'(4^n^a-hvdTQxv^lA^\rn^h^ 

According to graeial i»ocedui& D, tiie compound described in example 24c (87 mg) 
was Heated with 2-amino*2-metlQrI-propan-l-ol (TOO mg) in CH3CN (5 ml). Tlie title 
compound was purified by preparative HPLC (method A) mi lyophilized fiom a 
mixture of CH3CN and water oontaiiimg TFA to ^ve the coaesponding TFA salt 

Yield: 21 mg (ITA sah); MS-ESt [M4-HI^:^ 619.8; HPLC: Rt» 10.95 mia (method 4). 
Example 26 

BipbenvM-eaibqxYlic acid ra>ai^U2, 2.4>trimethvl^f4>/2-rfovridin>3-vlme^^^^ 
amfnolHfttf^VphsavlVL23.4-tetmhvdm ^ 

According to gmeral procedure D. ibc compoimd[ described in ^cample 24e ^7 mg) 
was treated with 3-aminomediylpyridine (119 mg) in CHsCiN (5 lid). Ihe title 
conxpomid was purified by preparative HPLC (method A) and lyophilized fiom a 
mixture of ClfcCN and wator containing TFA to give the corresponding TFA salt 

Yield: 40 mg CTFA salt); MS-ESI: [M+HJ^ = 639.4; HPLC: « 10J5 min (method 4). 
Example 27 

Biphenyl>4-ca^boxy^c acid ri-ac etvl-4>f4^f2^- hvrfrrp^rY^^?fry^ 

phenvn>2.2.4>1rimelhv!..l,l,3.4^trahvd^ 

According to general procedure D. the compound described in example 24c (100 mg) 
was treated witib ethanolamine (100 mg) m ClfeCN (5 ml). The title compound was 
purified by preparative HPLC (method A) and lyophilized firom a mixture of CfibCN 
aEod water containing TFA to give die coxxespon^g TFA salt 

Yield: 50 mg (TFA salt); MS-ESI: jM-f Hf =t 59Z6; HPLC: Rt * 1 0.32 ntin (method 1). 



•35- 

Biphenvl^artoxvlic acid fl>acetvl ^m2-r2-.im inn^YlflTni« oVetfao>nffp^^ 
AccscuAiig to gpaeral procednie Ite 

was treated with cthylenedianiiim ri 10 in CBiCK (5 ml). The titifi i^nffipftimii 
purified by preipazative HPLC (method A) and lyophilized fiom a nuxtme of C%CN 
and water containing TPA to give Hlo coixespondSng TEA salt 

Yield: 45 nig (IFA salt); MS-ESI: I^+HT = 591.4; HPLC: R« = 7,04 nunXmediod 1). 
Example 29 

BiphenYl-4-cBiboxi^c acid fl-acetvlA2,4^trimetfavl-444-p-pipe^ 
flhenv1Vl^,4>teiiAvdi o^uinriiii^Y l>-^ 

According to geneial pjroceduxe D, the compound described in exasqde 24c (100 mg) 
was treated with piperazine (140 mg) in CH3CN (5 ml). The title compound was 
purified by prcpamtive HPLC (method A) and lyophilized fiom a nmdnre of C%CN 
and water comaiiung TFA to give die corresponding TFA salt 

Yiel± 95 mg (TFA salt); MS-ESI: (M+H]': = 617.6; HPLC: = 9.54 nun (method 1). 
-Example 30 

MOTphp]lineN4>carboxvKc acid f3lf4-n-acetvl>-6-/3.5^ichloiD-Z6-dmiedio^ 
beiizoYlaminoVZ2.4-trimethv^l^.3.4>tgfra h^ 

(a)- Mon>hoIine-4-carboxvli c add n-|4^1--acetvI'-^ ammA,77 ,4-trimeaivI-l,2>3.4- 
tctrahvdro Kiuinolm>4-vn>DhenoxvVpropylVamide 

According to the same procedure described in exaogple 22d, the compound described In 
oample 22c (1.0 g% was alkylated (with concomitant removal of die Fmoc pmtective 
groi^i) with moiphoIme-4-carbox9dic acid 0-chIon}piDpyl)amidft (448 m^ u^g 
C52CO3 (1 .8 8) in DMF (5 ml). The title compound was purified by chromatography on 
stiicagel using CStaClj/ 2% concentrated ammonia in MeOH - 1/0 9/1 (v/v) as the 
eluent 



Yield: 894 mg. 
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(b). Moroholme^-caifaoxylic add f3>l4-n-acetvK6-r3,5-dicMQiD-2.6-<&nethoxv- 
bea2QVlaininoV2^4-trimetfavUl-2J-4-tetra^ 



Aoeordbig to gweial procedure C, the cooopoimd described in example 30a C22S mg) 
5 was acylated V9bb 3,fi'^&csbkm-2fi-db^^ add (230 mg), DIPEA (SS8 

^nd HATU (609 mg) in CNbCh (5 ml). The tide cos^pound iwas pinifiedby preparafive 
HPLC Onediod AX 

Yidd: 102 ing; MB-ESI: p4+Hf« 727.4; HP!LGI^ 
Example 31 

10 V>fl-Acetvl.^2,2.4^trime(hvl-4- r4-r2>morohola^ 
. tetrahvdro-amnoliii-6-v»-3J5-dibre 

(a) . l-Acetvl.^aminc>-2-2,4>trimeihvM-f4^ ^^^ 
tetrahvdroquinoliiie 

A mixture of the cooopound described in example 22c (1.0 g), CsjCQa (1-S g)> Jf'^- 
IS chloxoethyi)-moiphoime hydrochlotide (375 m^» and DMF (5 ml) was sdned at 60 ''C 
for 18 h. The leacdon did not leach completion and additional amounts of CsiCOj and 
jV^^-chlOroethyl)-moxpholine hydrochloride were added. After the reaction was 
complete^ water was added and ibe mixture was extracted with CHzCb* The organic 
layer wai dried and ooQcaalTated in vacuo. The tide compound was purified by 
20 chromatogzaphy on silicagel usmg CH2CI2/ 2% concentrated ammonia in MeOH — 1/0 
«> 9/1 (v/v) as the eluent 

Yield: 905 mg. 

(b) . JV^n-AcetvU2a4.trimedivl^r 4-/2-moroholip>4>^^^^ 
25 tgtrahvdrQ>qomnlin>6>vB-3.5KiibromQ-benzamidc 

According to general procedure C, the compound described in example 31a (157 mg^ 
was acylated widi 3^-dibiombenaric add (150 mg). DIPEA (313 jiQ and HATU p04 
mg) in CHiCk (S ml). The title conqpound was purified by prqmadve HPLC (method 
A). 

30 Yield: 71 mg (TP A salt); MS-ESI: [M+Hf « 700^ HPLC: = 16.12 mtn (method 2). 
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Eiample 32 

Mfl-Acgtv U2J2.4>trimetf ivl^r4-l2- morpholin 
tetrahvdro-Qqinoim-6-v»-^.4Almv^h^m 

AcGQidk^ to general procxdore Q Ike emspamd deactibed in exan^le 31a (150 mg) 
ivas acylated ^wiA l-cUorobeazdle add mg), DIFEA Q99 |il) and HATU (195 m& 
mC%Cb(6inl}.lTietMecDiopDuiid*wasimn^ . 

Yidd: 162 xngCIFA salt); MS-ESI: [M+Hf =576.4;HPLC:Rt = 9J7min(meftio.d2> 
E3aunipk33 

Accovffing to general procedme C» ^ conqpoiiiid described in exanxple 31a (200 mg) 
was acylatBd with 3^-dime%Ibeiizoic add (103 DIPEA (399 and HATU 
(260 mg) in CH2CI2 (7 J ml). The title con|ioimd vras purified by preparative HPLC 
(method A). 

Yield: 57.5 mg (ITA salt); MS-ESI: [M+HJ"" « 570.4; HPLC: R* = 12.62 nrin (method 
2). 

Example 34 

JS^n-Acetv3 ^2.2.4>trimethvl-4-r4-^2>morpholin^vl^ 
teliahvdiD-qiimolm-6-vi^^2.S-tf 

According to general procedme C, the compound described in example 31a (200 mg) 
was acylated with 2.5-dichlorobenzoic add (131 mg), DIPEA (399 pi) and HATU (260 
mg) m CHaCh (7.5 ml). The title compound was purified by preparative HPLC 
(method A). 

YlsaOz 130 mg (TEA salt); MS-ESL fM+Hf « 610^ HPLC: Rt » 11.70 min (mediod 
2). 

Example 35 

Ar-ll>Acetv U2,2.4-trimethyl-4^r4-(2-moroholin-4-v^ 
tetrahvdroHiuinolin-6-v» ~5-methvl'-2-nitiiD~beiizamide 

According to general pFOcedue C, the compound described in wample 31a (157 mg) 
was aiylated widi S-metlQrI*2-4iitrol)en^ic acid ^3 mg), DIPEA ^13 id) and HATU 
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(204 mg) in CHzCh (S ml). The title ccnnpound was pudfied by preparative HPLC 
(method A). 

Yield: 80 mg (TFA salt>, MS-ESL |M+Hf - 60 1 A; HPLC; R, = 9.95 min (method 2). 
Example 36 

i\r->fl-Acetvl«2.2.4-1rimftt hvl-4^r4^.-morplio1iW 
tetrahvdro-f fiHfintmue yn^^enzamidB 

According to general procedure C, the compound described in example 31a (1S7 mg) 
ms acylated with benzoic acid (65.6 mg), OIPEA (313 |d) and HATU (204 mg) in 
C%Cl2 (5 ml). The tWc componnd was purified by pieparative HPLC (method A). 

Yield: 59 mg (TFA salt); MS JBSl: IM-»HJ* =542.4; HPLC: Kc= 9^9 min (method 2). 
Examples? 

J\r-fl-AcctYl-2,2,4-lrimethvl»444-f2^moroholin^^ 
tetrahvdro-qninolin*6»vn-4>fgrf4 yiitY^A<^:r3 ^ 

According to general procedure C» the compound described in example 31a (161 mg) 
was acylated with 4-/eri-bulylb»zoic acid (99 mg), DIPEA (322 }il) and HATU (210 
mg) in CHzCh (S ml). Hie title conqiound was purified by preparative HPLC (method 
A). 

Yield: 80 mg (TFA salt); MS-ESI: [M+m* = 598.2; HPLC: R, = 1539 min (method 2). 
Example 38 

AT-I l-AcetvI*2^.4>tTimethvl-4~f4-f2^morohoIin^vl^etfaoxv^-p^ >23.4- 
tetrahvdn i-qutnnlini .6-vU~Z3-dichloro*ben2Mgnide 

Accoiding to general procedure C, the compound described in exan^le 3)a (161 mg) 
was aqdated with 2^-dichIorobenzoic add (106 mg), DIPEA (322 pi) and HATU (210 
nog) in CH2CI2 (5 ihl)..The title compound was purified by preparative HPLC (mediod 
A). 

YUi± 113 mg CIFA salt); MS-ESI: IM+Hr«610^ HPLC: R,= 11.42 min (method 
2). 

Example 39 

tetrahvdro-<iuinolin-6>-vl)"4-liromo4i™^g^ 
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I 

Accotding to general proceduie C, tbe couqiouild described in example 31a ^60 mg) 
vna acybaed iwith 4-bniiiobenzoie add (179 ing)i DIFEA (517 id) and H^TU (338 
ms) m C%Cb (5 mQi. The tide conipouiiid vas pudfied 
A). 

$ Yield: 127 ng <TFA sdtX MS-ESI: (WWEI]* - 620^ flPLC: K, - min (method 
2). 

' Example 40 

tetiAydro-quniolin-6"yl)'4-me1iMixy^3*n ^^ 

10 Accoidiag to general jnocedure C, the compound described ia example 31a ^60 mg) 
was acylated with 4-mefhoxy<-3-methylbenzoic acid (148 mg}, DIPEA (517 pi) and 
HATU (338 mg) in CHzCIs (5 mQ. The title compoimd was puxified by prepaialiva 
HPLC (method A). 

Yield: 158 mg (TFA salt); MS-ESI: (M+Hf = 586^; HPLC: Rt - 1 1 ,49 min (method 
IS 2). 

Example 41 

JV'>IKAcetvl>-2J2.4-trknethvl-4>r4-f2»moroholin-4-vl-^^ 
tgtrahydio^mnolm-6-yl}"4-<Kmethv)aiiiiiio^ 

Accoiding to geneial pzoceduie Cp die compoimd described in example 31a Q6Q mg) 
20 was acylated with 4-dimethylaminoben2oie add (147 mg), DIPEA (5 1 7 pi) and HATU 
(338 mg) in CH2CI2 (S ml). The tide oozopoimd was purified by preparative HPLC 
(xnediodA). 

Yield: 95 mg (TFA salt); MS-ESt [^4+«a*=585J^;HPLC:R,»933 mm(meihod2). 
Example 42 

25 Ar-fl'AcetvI-2,2,4^tiimctfavl-4*r442-mQrpho!in^^ 
tetrahvdro-Qmnolin-6>Yn*3-trifluoton^ 

To a solution of the congwund described in example 31a (260 mg) and pyridme (500 
(il) in toluene (4^ ml) was added 3<trifhKmimediyl)benzoyl chloride (185 mg). Ethyl 
acetate (15 ml) and water (IS ml) were added. The organic layer was separated and 
30 washed with water (15 ml), dried and concentrated in vacuo^ The title compound was 
purified preparative HPLC (method A)» 
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Yield: 200 mg CRPA salt); MS^I: (M+Hf - 610^ HPLC; Rt » 13^3 nun (meihod 
2)- 

£xample43 

;\^fUAeetyl-2>2,4-trime<hvI-4-r4-Q>^^ 

To a solution of the compound described in example 31a (260 mg) and pyndme (500 
|il) in toluene (4^ ml) was added 3-iutiobenzoyl chloride (165 mg). Ethyl acetate (15 
ml) and ^vater (15 ml) were added. The organic layer \vas separated and washed with 
water (15 mix concentrated in vacoo. The title compound was purified by 

10 preparative HPLC (method A). 



^eld: 1 67 mg (TFA sah); MS-ESt IM+H]^ « 587.4; HPLC: R, « 10 J8 min (m^d 
2). 



£xample44 

15 CHO-FSH in vitro bioactivitv 

FSH activity of compounds were tested in Chinese Hamster Ovary (CHO) cells stably 
trans&cted Mith the human FSH receptor and cotxansfected with a cAMP responsive 
dement (CEUE) / promotor diiecdog the expression of a firefly lucifecase reporter gene. 
Binnfing of Hgand to the Gs-^coi^led FSH reenter win result in an increase of cAMP, 
20 which in turn will induce an increased transacfivation of the luciferase reporter 
construct To test antagonistic properties recombinant FSH in a concentration diat 
induces appnixiniately iQI% of the maximal stimulation of cAMP accumulation in the 
absence of test compound was added (reo4>FSI% 10 mU/ml). The ludfecase signal was 
quantified using a luminescence counter. For test compounds, EC50 values 
I 25 (concentration of test compound causing half-maximal (SO %) stimulation or reduction) 
were calculated. For tibat purpose the software program GraphPad PRISM, version 3.0 
(GraphPad software Inc., San Diego) was used. 

Compounds of all examples exhibited an ECso QCso) value of less than 1 0'^ M in eidier 
an agpnistic or an antagonistic assay set-up or both. The compounds of exanqples 3, 4, 
10 7, 10-1 3, 16. 36. 37» 39, 41 and 42 showed an EC50 QCso) of less flian 10*^ M in at least 
one of the assays. 
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or a phannaceaticalfy acceptable salt thereof; iidiereiii 



R^aiidR'aveH.Me; 

is (2-6C)heterocycloalkyl(l-4C)aIkyl, (2-5C)heteioaiyl(l^C)alkyl. 
(6C)aryl(l-4C)ancyl, (l-4Q(di)allgrlaminocarbonylammop-4C)alkyU (2- 
6C)hctcrocycloaIkylca]*onylaiiii^ R*K2-4C)attyl or R^-car1)onyl(l-. 



R"* is (2-5C)heterbatyl, (fiQaiyl, (S-SQcycloaftyl. (2-6C)beteTocycloalkyl or (1- 
" 6C)alkyl 

R^ is (diKl-4C)alkyla2miio, (l-ACyaXksxf, mnno» hydroxy. (6C)aiyIaiiiiiio, 
(di)C3-4Qalkeaylaiiii]u^ (2-5C)heteionyI(l-4Q8lkylainm (6C)azyia* 
IS 4C)BlIcyIaisixio, (di)((lUc^oxy0-4C)aIkyl]ainmo, (di)[(l-4C)alkylammo(:2- 

4C)aIl7qa]]^o, (ffi)[aiiiino(2UQall7l]anuno or (di)[l^droxy^- 
4Qall^aiiiiiio. 

2- The d«rivative according to claim 1 wherein R* is (2-6QhctcrocycIoalfcyl(l- 

4C)alkyl, (2-5C)hetBroaryl(l-4C)alkyl, (2-6C)heterocycloaiqrlcarbonylamino(2- 
20 AQaOsyl R'-(2-4C)alkyl or R*-carbonyl(l-4Qalkyi: 

3, Hie derivative according to claims 1 or 2 wherein R^ is (diKl-4C)alkylamino, 
amino, (di)^.4C)a]kenyla]nino, (2-5C)hctcioaiyl(l-4C)alk}4ainiao or 
(6C)aiyl(MC}aUgrlamino 

4. Hie donvafivc according to claims 1-3 iwfaerdn R^ is (caXl-^C^tlkylaminD or 
25 amino. 
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4C)alkyI; 



I 
I 
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5. The derivative according to claims 1-4 wherein is (di)( MQaDcylamino. 

6. The denvadvc according to claims l-SvvberebR^ is (SQ^ 

1. The derimfive accoidnig to claims 1 -6 wbeidn is Qi^heteiQcycloa]kyI(l* 
4C)aIkyl» 

5 8. A phannaceutical ccnnpoati^m compxisins tctidofdioquinoHne denvative of 
any one of claims 1-7 and phaimaceuticaUysmtddea^^ . 

9. The tetzabydroquinoline denvative of daims l'*7fi>ruse inthe^yy. 

10. Use of flie tetrahydnMiiiinolme derivative of any one of claims 1*7 or a 
phannaceutically acceptable salt or solvate thereof for the mamifacture of a 

10 
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Abstract 




Fonnulal . 

or aphannaceuticaily acceptable salt thereof, wherein and ate H, Me; R^ is (2- 
6QlietetocydoallQrl(i-4C)alky], p.5C)lieteroai3^(l-4C)aacyl, (6C)aryl(l-4C)alkyl, (1- 
4Q(di)alIi;ylaii]mocaiboiiylain^ C2-6Qheterocycloalk34caxboDylanuno(2- 
4C)alkyl, R*-C2-4e)alkyI or R*-caibcmyl(l-4C)all^l; R^ is p-SQhetetoaiyl. (6C)aiyl, 
(3-«C}<r^cloa)k3i, (2-6C)hetaoc:ycIoaQ9l or a-«C)alkyl and it^ is (diKI- 
4C)aUeylai2i2iio, (l-4C)a]kiugr> amino, hydroxy, (6C}ax^ainiiio> Cdi)(3-4C)alkeiiylamiD0|| 
(2.5C)heteroary2(l-4C)alkylOTuno, C6C)atyi(l-4C)alkylamino» (di)[(l-4C)alkoxy(2. 
4Qalkyl]aiiiino. (di)[(l-40alkylaminoe^QaIkyl]anuiio^ (di>[ainmo(2- 
4C)alkyl]ammo or (di)[hydroxy(2-4C)allQ^l]ainino. 

The pceseot inveiitioii also relates to phaimaceutical compositioiis compns^ said 
derivatives and the use of these derivalives to regulate fertility. 
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